Motorcycle is getting significant attention as it is already and will be an important mode of transport in the future. However, motorcycle is a hazardous type of vehicle mode and therefore requires more efforts to enhance their safety and comfort level. As compared to car drivers, motorcyclists are more exposed to sitting hazards during the riding process. Due to increased exposures to seated postures, sitting comfort has become an important issue that demands adequate ergonomic interventions. The purpose of this study was to evaluate the effectiveness of new model of motorcycle seat with lumbar support aimed at reducing muscle discomfort among male motorcyclists. This study was conducted among male motorcyclists at University Putra Malaysia (UPM). 94 subjects were participated, with 47 subjects for each control and experimental group. Each subject was asked to sit for 2 hours on motorcycle in two different sessions. At every 15 minutes interval, subjects were required to evaluate their discomfort level on Borg's scale CR-10 questionnaire. Results in this study found that lumbar support (prototype) shows a significant effect towards certain body parts particularly on the neck, shoulder, upper back, arms and also lower back. However, there were no significant effect were found on the buttock, thigh, knee, calf and ankles. In conclusion, this new model of motorcycle seat with lumbar support can help to reduce discomfort level towards motorcyclists especially during prolonged riding process.
INTRODUCTION
Economic status in Malaysia has growing rapidly and most of people in Malaysia afford to have private vehicles. Due to this situation, the vehicle population in Malaysia has increased tremendously and causing extremely congested roads with all types of vehicle and passengers which travelling at different speed [1] . Nevertheless, motorcycle has become one of the main individual vehicle choices for mobility in Malaysia. Previous study done in Malaysia has found that motorcycle has becomes the best mode of transportation compared to other types of vehicles due to serious traffic congestion problem in Malaysia. It also has been mentioned that motorcycle contributes over 50% of all traffic distributions on Malaysia roads [2] .
It is undeniable that motorcycle is a useful mode of transportation and the costs are relatively lower than cars but it is also a hazardous type of vehicle mode. In terms of ergonomic, motorcycle requires more effort to enhance their safety and comfort level because motorcycle does not provide comfortability towards motorcyclists during riding process [3] . Previous study also has stated that riding a motorcycle can cause fatigue due to maintain body posture and produce the required force to control the motorcycle [4] . Besides that, another study done in Malaysia found that more than 50% of male and female motorcyclists were complaining of discomfort when riding the motorcycle [3] . Thus, ergonomic intervention has to play an important role to provide sitting comfort due to increased exposures to seated postures [5] .
As an effort to help reducing discomfort among motorcyclists, a study done by Karuppiah et al. [3] had proposed a new prototype of lumbar support to improve level of discomfort among motorcyclists. The new model of the prototype (lumbar support) is introduced to provide back support towards motorcyclists during the riding process. However, the researcher stated that the proposed design required some further field testing to enhance its capability in providing support to lumbar region during riding. Thus, this study with the permission obtained from the previous researcher, intended to evaluate the effectiveness of the new model of motorcycle seat with lumbar support aimed at reducing muscle discomfort among motorcyclists during the riding process in a trial section.
EXPERIMENTAL

Study Design
The study design employed was an experimental study. Subjects in this study were randomly assigned into two groups (experimental and control group).
The subjects in experimental group received lumbar support intervention during the experimental session while the subjects in control group were not received lumbar support intervention. This study required pre and post study. Pre study was considered as a baseline data and post study was the effect of the intervention given. The differences of the outcome between pre and post studies represent the effect of lumbar support intervention.
Subjects
This study was conducted among male motorcyclists at Universiti Putra Malaysia. Among them, the selections of the respondents were based on the purposive sampling. Motorcyclist that met the inclusion criteria which were male, age between 18-35 years old, normal body mass index (BMI) of 18.5-24.9, motorcyclists for a motorcycle of 150 cc and below, have more than one year riding experience, have no history of accident or injury in the past one year and no immediate complaint of low back pain were selected in this study. For those who had inadequate sleep and taking medication prior to experiment were excluding out from this study.
Experimental Procedure
Each respondent required to attend experimental session on two different days (with a minimum three day interval between them). During the session, each respondent was asked to sit on the static motorcycle for two hours in a controlled room environment. Respondent in intervention group received pre and post interventions (with and without lumbar support) while respondents in control group received pre and post intervention without lumbar support. The simulator was played during the experimental session and the experimental situation was similar to a real ride on road although this experiment was performed in the laboratory. At 15 minute intervals, respondents were told to evaluate their discomfort level on the Borg's CR-10 questionnaire ( Figure 4 ).
Instruments
Motorcycle Seats
Two types of motorcycle seat (with and without lumbar support) were used to determine the discomfort level of motorcyclists as shown in Figure 1 and Figure 2 . Subjects in experimental group were used the prototype (lumbar support) during the experimental session while subjects in control group were not received the intervention. This prototype was patented in year 2013 and the patent application number is PI 2013701235. 
Borg's Scale Discomfort Ratings
An adapted Borg CR-10 scale was used to assess the degree of subjective discomfort on each body parts. The discomfort ratings were recorded throughout the experimental session with measurements taken at times 15, 30, 45, 60, 75, 90, 105 and 120 min. A rating was given for each of 10 regions of the body parts including neck, shoulder, upper back, arm and hands, low back, buttocks, thighs, knees, calf and feet. This scale produces rating ranges from 0 (nothing at all) to 10 (extremely strong) (see Figure 3 and Figure 4 ). 
Discomfort Ratings on Each Body Parts
The results of Borg's scale discomfort ratings by the respondents are presented through bar graph. The graphs represent the rating of discomfort level on each of the body parts (neck, shoulder, upper back, arms, lower back, buttock, thighs, knees, calf and ankles) during 2 hours testing with and without the prototype (lumbar support) between control and experimental group. The graphs show that the respondents experience slightly discomfort on their body parts during 2 hours riding process. However, level of discomfort on each body parts among experimental group respondents were reduced after using the lumbar support prototype (based on the comparison of the bar graph in Figure 5 ). Neck and arms show the biggest differences in scores between control and experimental group while thigh indicates very small difference in scores compared to other body parts. Based on the results, this shows that lumbar support prototype could help reducing the discomfort level of motorcyclists on their body parts especially during prolonged riding. 
Classification of Effect Size
The Cohen's effect size result show that the medium effect size was found on the neck while the other body parts only show small effect size which were below than 0.50. Effect size indicates the strength of the relationship between two variables. It can be classified as small: 0-0.2, medium: 0.5-0.7 and large: 0.8-2.0. The large effect size indicates that the lumbar support increase the comfort level towards motorcyclists. As shown in Table 2 , the overall score at buttock, thigh, knee, calf and ankles did not significantly change. 
Effect of Group on the Discomfort Ratings of Each Body Parts
A one way multivariate analysis of variance (MANOVA) was performed to investigate the effect of lumbar support in discomfort ratings on each body parts. Ten dependent variables were used: neck, shoulder, upper back, arms, lower back, buttock, thigh, knee, calf and ankles. The independent variables was group: control and experimental. Preliminary assumption testing was conducted to check for normality, linearity, univariate and multivariate outliers, homogeneity of variancecovariance matrices and multicollinearity.
The overall one-way MANOVA shows there is a statistically significant difference between control and experimental group on discomfort ratings at each body parts, Wilks' Lambda = 0. 2015) 1-6 | www.jurnalteknologi.utm.my | eISSN 2180-3722 | 
DISCUSSION
Prolonged motorcycle riding have previously been identified as a potential source of motorcyclists' discomfort due to reasons of improper structural motorcycle design, imbalance of engine inertial and also due to road excitation [6] . It is also supported by Walker, Stanton & Young [7] , which claimed that motorcyclist will dangerously affected with direct exposure from environment, noise and vibration.
Also, they are not only exposed to road accident but they might be exposed to other kinds of hazard such as whole-body vibrations (WBV), physical load and stress. All these hazards can have an adverse effect on their musculoskeletal system [8] . As we all know, riding a motorcycle is far more physically and mentally demanding rather than driving a car butonly a few studies are aware to explore about motorcyclists' discomfort.
A new prototype of lumbar support has been introduced in order to improve level of discomfort among motorcyclists. The proposed design is intended to provide back support for the motorcyclists during the process of riding. Thus, in this study, the effectiveness of new model of motorcycle seat with lumbar support was explored by examining the discomfort ratings on each body parts (neck, shoulder, upper back, arms, lower back, buttock, thigh, knees, calf and ankles) of the motorcyclists.
Generally, the trends of Borg's scale discomfort rating in bar graph ( Figure 5 ) showed that motorcyclists in experimental group (lumbar support intervention) experienced a great reduction in their discomfort level during 2 hours riding process compared to control group. This indicates that lumbar support did provide a positive effect on comfort towards motorcyclist's body parts. This finding was consistent with findings of past studies by Ng et al. [9] which claimed that seat with lumbar support is beneficial in reducing tensions in backmuscle groups, buttocks and legs resulting from prolonged sitting activities.
Nevertheless, according to Cohen's effect size, this present study found that only medium effect size was seen on the neck region while other body parts show a small effect sizes. Here it can be said that, even small changes of discomfort ratings on each body parts was found but it may be beneficial in the long run. Besides that, this lumbar support prototype also show a significant effect towards certain body parts particularly on the neck, shoulder, upper back, arms and also lower back. However, there were no significant effect were found on the buttock, thigh, knee, calf and ankles. It is possible that the effect of the lumbar support may be greater on upper body muscles compared to lower body muscle. Previous research also has shown that lumbar support provided the utmost effects on low back and upper back body parts in both male and female motorcyclists [3] . Hence, this study suggests that by introducing this lumbar support prototype, it may help to reduce muscle discomfort experienced by motorcyclists during process of riding.
CONCLUSION
This study was carried out to determine the effectiveness of using a lumbar support in reducing motorcyclists' riding discomfort on their each body part. Based on the findings in the present study, it can be concluded that the application of lumbar support towards motorcyclists might help them reducing the discomfort level and preventing them from muscle fatigue during prolonged riding process. Thus, with the usage of lumbar support, the comfortability level of motorcyclists will be improved as well.
Based on the findings of this study, it is recommended that further research might investigate the observed difference in terms of subjective and objective measurements between male and female motorcyclists. There is little or none of the previous studies deal with subjective measurement correlated with objective results, especially in the evaluation of muscle discomfort among motorcyclists. Future research also should be concentrating on improving the lumbar support design because there is some limitation with the current design that need to be improved from time to time in order to provide comfortability at the optimum level.
